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Abstract
It has recently been appreciated that the conifold modulus plays an important role in
string-phenomenological set-ups involving warped throats, both by imposing constraints on
model building and for obtaining a 10-dimensional picture of SUSY-breaking. In this note,
we point out that the stability of the conifold modulus furthermore prevents large super-
Planckian axion monodromy field ranges caused by brane-flux decay processes down warped
throats. Our findings imply a significant challenge for concrete string theory embeddings
of the inflationary flux-unwinding scenario.
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1 Introduction
Warped throats provide some of the most interesting playgrounds for string phenomenology
due to their capacity of generating exponential hierarchies between energy scales. One of
their most remarkable roles arises in the context of supersymmetry (SUSY) breaking and,
in particular, in the construction of de Sitter (dS) vacua [1]. Long throats can be used
to suppress and keep control over SUSY breaking effects induced by anti-D3-branes to an
otherwise SUSY geometry. Anti-branes naturally live at the tip of warped throats and see
their tensions exponentially redshifted. Under the right circumstances, this tension may
provide just enough energy to generate a net positive vacuum energy, yet be small enough
to maintain perturbative control and to not destabilise the geometry.
Despite thorough scrutiny, the viability of dS uplifts in concrete compactifications and
the required delicate balance of hierarchies is still the subject of much debate (see [2]
and [3] for recent discussions from complementary viewpoints). The existing controversy
regarding the dS landscape in string theory has only been rising since it became part of the
web of Swampland conjectures that de Sitter vacua might simply not be there at all [2,4,5]
(see [6–10] for related ideas) or have dramatic shorter lifespans than assumed sofar [11].1
Part of the recent efforts have been devoted to analysing the effects that light geometric
modes localised down warped throats can have on the effective theory. For instance, local
KK modes cannot really be decoupled from the 4d effective field theory (EFT) although
1The idea of the Swampland was first contemplated in [12] and reviewed recently in [13].
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their couplings might be rather harmless and they could just behave as spectators [14]. Of
particular importance is the so-called conifold modulus, which is the local complex structure
modulus of the throat first studied by Douglas and collaborators in [15]. This field has a
mass scale that is not as light as the Ka¨hler moduli but is much lighter than the complex
structure moduli of the bulk Calabi-Yau (CY). It has been recently appreciated that it
might affect the stability of the KKLT scenario if flux numbers are too low [14,16–18]. At
the same time, it is claimed to be crucial for reaching a detailed 10d understanding of how
anti-brane uplifting could work [19].
Moduli stabilisation scenarios with long warped throats are not only useful in the
study of dS vacua. As pointed out in [20, 21], such set-ups can incorporate models of
axion monodromy with large (in principle transplanckian) field ranges (see also [22–25]
These have potential implications for phenomenology, in particular for the construction of
models of large field inflation. More importantly, they represents an explicit framework
where conceptual issues associated to transplanckian field displacements can be analysed
in detail.
The Swampland distance conjecture (SDC) [26] provides in fact a concrete argument
why EFTs compatible with quantum gravity should not allow for parametrically large field
displacements ∆φ  MPl within their regime of validity. The typical obstruction would
come from an infinite tower of states becoming exponentially light along a trajectory in
field space, which leads to a decrease of the quantum gravity cut-off [27, 28]. Detailed
investigations in string theory have in fact verified this statement repeatdly [29–38], while
others have failed to find fully trustworthy models where field ranges can extend paramet-
rically beyond the Planck range. Models of axion monodromy are arguably the set-ups
where the Swampland distance conjecture constraints are most challenging to understand
and are still the subject of debate [39–44].
In this note, we focus on the axion monodromy scenario of [20, 21] in order to con-
cretely examine the obstructions arising in warped throats when one tries to engineer
super-Planckian excursions. We will in fact argue that the conifold modulus plays a crucial
role in preventing parametrically large field displacement, when supersymmetry is broken,
within the EFT. Our analysis is similar in several aspects to the one of [14, 16–18] but
incorporates the interplay of the conifold modulus with the axion-like field parametrising
the process of brane-flux annihilation of [45]. We find that a large number of monodromies,
and hence a large field displacement, cannot be achieved without destabilising the geome-
try along the direction parametrised by the conifold modulus. Our analysis is independent
of the mechanism of volume stabilisation, and is hence applicable to diverse scenarios such
as KKLT [1] or the large volume scenario [46]. While some particular set-ups may provide
other means by which transplanckian distances are censored, the conifold destabilisation
mechanism we study is universal.
The rest of this note is organised as follows. In section 2 we introduce two fields that
play a crucial role in our analysis; the conifold modulus S and an open-string modulus
ψ that mediates brane-flux transitions, which will be our axion-like scalar that undergoes
monodromies. Since the brane-flux decay process inside compact CYs is crucial for our
analysis we treat this separately in section 3. Here we discuss both the decay of NSNS and
3
RR flux, and whether the stability of the conifold modulus leads to stronger constraints
on meta-stable dS uplifts than previously considered. Our computations indicate that
this is not the case. In section 4 we finally discuss the allowed field ranges for the axion
monodromy and demonstrate that parametric super-Planckian displacements in the axion
direction are strongly constrained.
2 The conifold and brane-flux moduli
In this section, we introduce the basic ingredients required for our later analysis of insta-
bilities of warped throats associated to conifold singularities. Our main fields of interest
are the complex structure (cs) modulus of the conifold (aka conifold or S-modulus) and
the open string scalar field ψ that parametrises KPV brane-flux transitions [45]. As many
of the ingredients are well known, we will be rather concise and refer to the appropriate
literature for further details.
2.1 The conifold modulus
We begin by introducing the conifold modulus and its dynamics. These were first discussed
in [15,47], and recently revisited in [14,16–18] (see also [19] for an alternative perspective).
We follow closely the discussion and notation of [14].
The Klebanov-Strassler (KS) solution [48] features a 6d non-compact conformal Calabi-
Yau metric and a 4d Minkowski part (in 10d string frame):
ds210 = e
2Ads24 + e
−2Ads26 . (2.1)
The ‘internal’ 6d space, whose metric is explicitly known, corresponds to a cone over a
5D space that is topologically S3 × S2. The warp factor e2A is a function of the radial
coordinate τ . At the tip of the throat corresponding to τ → 0 (deep in the IR in the
holographic language), the S2 shrinks to zero size while the S3 remains finite, supported
by M units of RR flux. The finite size of the S3 in the unwarped metric ds26 is controlled
by a modulus S such that ds26 = |S|3/2ds˜26, where ds˜26 does not depend on S. However the
conformal factor e−2A of the full metric is not independent of S. Its on-shell value can be
written as
e−4A(τ) = 22/3
(α′gsM)2
|S| 43 I(τ) , (2.2)
where I(τ) is a known function of τ whose details we will not discuss. Notice from these
expressions that the S-dependence in the warp factor exactly cancels the S-dependence in
the 6d metric. Hence, once warping is taken into account the physical size of the S3 at the
tip of the throat is independent of S.2
As a next step one imagines, like GKP [49], that the KS solution is a valid local
description of the geometry near the deformed conifold singularity of a compact CY space.
2Caveats relevant to the validity of these remarks off-shell will be discussed momentarily.
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In our current understanding the S-field does not measure the size of the deformed S3 (the
so-called A-cycle), but rather the size of its dual B-cycle that extends towards the bulk
CY. In the limit S → 0 the B-cycle, and the throat, become infinitely long.
It is convenient to rescale the conifold modulus into a dimensionless field Z as
S = α′
3
2 g
3
4
s V
1
2
w Z , (2.3)
where the warped volume in 10d Einstein frame is given by
Vw = 1
g
3/2
s (α′)3
∫
d6y e−4A
√
g6 , (2.4)
defined using the unwarped internal metric ds26 = (g6)mndy
m dyn. The warped volume
determines in turn the four-dimensional Planck mass as
M2Pl =
M2sVw√
gs
, with M2s =
1
2piα′
. (2.5)
The dynamics of the conifold modulus were analysed in [15, 47], which argued that
it is controlled by an F-term scalar potential V ≡ M4PleK(|DW|2 − 3|W|2) described, for
small values of the conifold modulus (Z  1 near its minimum), by the Ka¨hler- and
super-potential
K = −3 log
(
−i(ρ− ρ¯)− 9c′gsM2 |Z|
2/3
12
)
− log
(
2
gs
)
, (2.6)
W = −M
2pii
Z (logZ − 1) + i
gs
KZ . (2.7)
Here Im ρ = σ = V
2
3
w , K is the H3 flux quantum along the B-cycle, and c
′ ≈ 1.18 a
numerical factor [15,16] (we follow closely the conventions of [14]). To lowest order in the
large volume and small Z expansion the scalar potential is given by
VKS = M
4
Pl
|Z| 43
2c′M2σ2
∣∣∣∣M2pi logZ + Kgs
∣∣∣∣2 . (2.8)
Some comments are in order. The specific Z (or S)-dependence of this scalar potential
should be taken with caution.3 Strictly speaking, the equations presented above are to
be trusted near the KS solution only. In fact, the S-dependence of the warp factor given
in (2.2) is an on-shell relation. The off-shell version of this equation is not well understood,
and therefore the potential for Z is only known close to the KS vacuum. Interestingly,
reference [19] provides some complementary evidence that the form of the scalar potentials
used here does make sense. This comes from an analysis of SUSY breaking mediation from
3The same remarks apply to the anti-D3-brane potential presented next. We are grateful to Arthur
Hebecker for pointing us to these issues.
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the IR to the UV of a 5d warped throat. In this picture the 5D radion plays a crucial
role [50]. A study of the Goldberger-Wise radion potential gives a result very close to
the actual form derived in [15]. We therefore take some confidence in the potential (2.8)
and proceed as in [14, 16–18], keeping in mind that a more detailed understanding of the
conifold modulus could lead to modifications. These could affect quantitatively the results
of later sections, but we expect that our methods and qualitative conclusions will hold up.
2.2 SUSY breaking and the conifold instability
References [14,16,17] investigated whether the conifold modulus could trigger an instabil-
ity when p anti-D3-branes are added and SUSY is broken. The intuition behind this is
that warping effects render this field significantly lighter than the bulk complex structure
moduli, which are stabilised at high energy scales.
Anti-D3-branes naturally sit at the tip of the throat τ → 0, i.e. in the deep IR. In this
regime they see their tension µ3 = (2pi)
−3(α′)−2g−1s effectively warped down and contribute
to the potential energy as [1, 51]
VD3 = 2p
µ3 e
4A(0)
gs
=
M4Pl
2pi
2p e4A(0)
σ3
=
M4Pl
2pi
c′′p|Z| 43
gsM2σ2
(2.9)
where c′′ = 2
1
3/I(0) ≈ 1.75 and we have used eq. (2.5) and eqs. (2.2)-(2.3) in the second
and third equality respectively.
The total potential, given by the combination of the flux induced component (2.8)
and the anti-brane contribution (2.9), still allows for a stable minumum of the conifold
modulus. The on-shell value of Z is given by [16]
|Z0| = exp
(
−2pi
gs
K
M
− 3
4
+
√
9
16
− 4pip
gsM2
c′c′′
)
. (2.10)
This minimum for |Z| obviously disappears when the argument of the square-root becomes
negative, which indicates a runaway behaviour. The condition for stability is
√
gsM√
p
& 6.8 . (2.11)
Hence at weak coupling, M needs to be large enough and one can worry about the con-
straints set by the RR tadpole, which is bounded by the maximal D3 charge available in
the manifold [16].
This result is very interesting, but whether the actual inequality is giving new con-
straints can be debated. First of all, the known constraint against perturbative brane-flux
decay already assumes [45]4
p
M
< 0.08 , (2.12)
4The KPV bound on p/M is strictly speaking only valid in a probe regime for NS5-branes which is
not attainable in weakly coupled string theory. However non-trivial support for it came from [52] who
verified the bound in the supergravity regime. For that computation p had to be larger than one, also
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whereas keeping the size of the S3 at the tip of the throat well above the string length
scale requires
gsM  1 . (2.13)
Together, conditions (2.12) and (2.13) demand
√
gsM/
√
p  1, in line with the require-
ment (2.11) arising from the stability of Z. Additionally, in order to treat the anti-D3-brane
as a probe on the S3 one needs
p
gsM2
 1 , (2.14)
which takes again the same form as (2.11).
Nonetheless, the fact that the conifold modulus is much lighter than the bulk cs moduli
but still heavier than the Ka¨hler modulus is something to keep in mind when writing down
effective field theories in set-ups with warped throats.
2.3 The brane-flux transition modulus
The lightness of the conifold modulus can be roughly understood from it living down the
throat. This makes one naturally wonder whether it can be of the same mass scale as
other fields that are localised in the throat. One such field mediates brane-flux transitions
and was first described in [45]. This scalar effectively corresponds to the position ψ of a
spherical NS5-brane with p units of worldvolume flux that wraps a contractible 2-cycle on
the S3. One can easily show that such an NS5-brane behaves identically to p anti-D3-
branes which polarise in the flux-background at the south pole of S3. Moving to the north
pole causes brane-flux annihilation and a decrease of the anti-brane charge (and thus of
the positive energy). There the description of the NS5 can be given in terms of M − p
D3-branes. This set-up is depicted in Figure 1.
It was shown by a probe computation [45] that, as long as the inequality eq. (2.12) holds,
the system settles down in a meta-stable vacuum, where the NS5 behaves very much like p
anti-D3-branes thus still fulfilling its role as SUSY-breaking source and potential uplifter
of AdS vacua [1]. However, this meta-stable vacuum can decay through tunnelling to a
configuration where the NS5 pinches and describes M − p D3-branes, which do not break
SUSY. This process therefore describes an “open string” decay channel to a SUSY vacuum
by means of brane-flux annihilation. In fact, this decay along the ψ-direction was claimed
to be the dominant decay channel in KKLT, leading to more rapid decays than the volume
decompactificaton [53] which is the usual focus. The picture to keep in mind is that one
out of the K units of NSNS 3-form flux is removed in this process and materialises into
M actual D3-branes.5 These M D3-branes annihilate with the p anti-D3-branes leaving
M − p D3-branes in the SUSY vacuum.
because otherwise brane polarisation, the process underlying brane-flux decay, is not properly understood.
Nonetheless, for applications in string phenomenology, the limit p→ 1 is usually taken. While the working
assumption is that the bound on the ratio p/M derived for p > 1 will be valid when p = 1, one should
bear in mind that this approximation is not yet properly understood.
5Recall that the induced D3 charge is KM .
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NS5
Figure 1: A schematic illustration of the brane-flux annihilation process. A number p of anti-
D3-branes, localised at the south pole, polarise into an NS5-brane wrapping a contractible cycle
along the S3. The axionic field ψ describes the position of the NS5-brane, with a periodicity of
2pi. The south pole is at ψ = {0, 2pi, . . . }, while the north pole is at ψ = {pi, 3pi, . . . }. The process
ends when all the anti-brane charge is neutralised by the fluxes at the north pole, where the NS5
can be described in terms of M − p D3-branes.
One can however go beyond the regime imposed by eq. (2.12) and instead consider
p
M
 1 . (2.15)
This regime is the one typical of the unwinding mechanism studied by [20,21] and can be
achieved in a probe regime. It corresponds to the periodic motion of the NS5-brane from
the south-pole to the north-pole of the S3 and vice versa. In this context, the position ψ
of the NS5 can be identified as an axionic variable. After a period of 2pi, it describes in
fact the same position of the NS5-brane but with a lower anti-brane charge. Therefore, as
long as we have positive energy, this process can potentially describe a period of cosmic
acceleration (the possibility to realise inflation was contemplated in [20,21]).
In section 3 we investigate the interplay between the conifold modulus and the ψ-
modulus in the KPV regime (small p/M) for the sake of meta-stable dS uplifting. In
section 4 we study the opposite regime (large p/M) for the sake of axion-monodromy
field displacements. For the remainder of this paper, we can forget about the concrete
microscopic meaning of the brane-flux annihilation process and just focus on the ψ-field
from a 4d viewpoint. Our aim is to investigate whether this field ψ, since it also lives at the
bottom of the throat, interacts non-trivially with the S-field and whether new non-trivial
constraints arise.
8
3 Uplifting 5-brane runaway
In what follows we combine the effects of brane-flux decay and conifold modulus desta-
bilisation. That is, we repeat the stability analysis of section 2.2 while allowing the p
anti-D3-branes to puff into an NS5-brane carrying p units of anti-D3 charge as explained
in 2.3. Following the steps laid out in [45], one can see that the potential (2.9) generalises
to
VNS5 =
M4Pl
2pi
Me4A
piσ3
vNS5(ψ) =
M4Pl
2pi
c′′|Z| 43
2pigsMσ2
vNS5(ψ), (3.1)
where we define
vNS5(ψ) =
√
b40 sin
4 ψ + U2(ψ) + U(ψ), U(ψ) =
pip
M
− ψ + 1
2
sin 2ψ (3.2)
with b20 ≈ 0.9. Note that for ψ = 0 the NS5-brane potential (3.1) reduces to the anti-D3-
brane potential (2.9) as it should.
Again, the dependence on the dimensionless conifold Z-modulus arises through warping,
c.f. eq. (2.2). This dependence is hence exactly the same as for the anti-D3-brane. It
is therefore not too difficult to check that the conifold modulus is stabilised, similarly
to (2.10), at
|Z|0 = exp
(
−2piK
gsM
− 3
4
+
√
9
16
− 2c
′c′′
gsM
vNS5(ψ0)
)
. (3.3)
The position modulus ψ is stabilised exactly as in the original KPV analysis [45] at
some value ψ0. It is well known that a (meta-)stable minimum can be obtained only if the
constraint p/M < 0.08 is satisfied [45]. When the dynamics of Z are taken into account,
one has to furthermore impose that (3.3) yields a meaningful result, i.e. that
32c′c′′
9
vNS5(ψ0)
gsM
≈ 7.3 vNS5(ψ0)
gsM
< 1. (3.4)
This is the generalisation of eq. (2.11), which can be recovered by replacing vNS5(ψ0) →
vNS5(0). The dynamics of the NS5-brane relax the constraint (2.11) on the minimal allowed
value of gsM (as a function of p/M). In the situation where the ψ-modulus is stabilised as
in KPV when p/M < 0.08 [45], the bound found by [16] is changed as shown in Figure 2.
In the Appendix we furthermore compare the masses of the Z- and ψ-moduli and find
that for typical parameters of the KKLT scenario, the masses squared are within two orders
of magnitude from each other, ψ being the heavier field. This estimation is consistent with
the size of the correction due to the NS5 polarisation being small.
RR flux decay: D5 polarisation
In a similar spirit one could worry about the dual D5 polarisation channel in which the
anti-D3 charge is transferred via a polarised D5 brane moving along the B-cycle. In a non-
compact model this channel is essentially irrelevant since the B-cycle extends towards the
9
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M
Figure 2: The minimal value of gsM allowed for avoiding the conifold instability is plotted as
a function of p/M . The yellow line represents the bound for anti-D3-branes (2.11) as considered
in [16], whereas the blue line represents the bound for an NS5-brane. The NS5-brane relaxes the
bound, but only slightly.
non-compact direction [54]. Things might be more involved in a compact model. Indeed,
in that case, the Z-modulus relates to the size of the B-cycle over which the D5 moves,
so its dynamics will affect the brane-flux decay channel via D5 branes. Nevertheless, the
expectation is that, as long as the bulk is significantly larger than the throat, this channel
will be highly suppressed.6 This is in line with the general argument given in [57] that one
cannot have both relevant NSNS and RR decay channels within the same 4d EFT. The
reason is that the tension of the bubble walls for one of the two processes will always be
above the cut-off of the theory. This argument might in principle fail in the presence of
warping, where scales get mixed up and there is never a strict separation of scales since
local KK modes in the throat do not decouple from the EFT [14]. However, a D5-brane
mediating flux decay along the B-cycle would have to move into the bulk, where the effects
of warping would fade. A study of the stability properties of this channel taking into
account the conifold dynamics and limits set by tadpole constraints would be interesting,
but it ultimately requires an explicit construction of the finite B-cycle and its embedding
into a compact bulk and is outside of the scope of this note.
6Notice that the KPV stability constraint can be written as 0.08 & p/M ∼ gsp/L2A, where we used
that the linear size of the A-cycle (in string units) is LA ∼
√
gsM . The factor of L
−2
A in this bound
corresponds to the 2-volume wrapped by the NS5. Similarly, one expects that decay via D5-branes would
be suppressed by some 2-volume representative of the B-cycle size L−2B . This size is controlled by the H3
flux LB ∼
√
K [55], and so D5 polarisation is expected to be subdominant as long as long as there is a
hierarchy K  √gsM . Note however that such a hierarchy may be difficult to achieve due to tadpole
constrains, e.g. in KKLT set-ups [56].
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4 Axion monodromies and field range bounds
As described, the dynamics of the conifold modulus impose constraints on the parameters
of (meta-)stable compactifications with warped throats and anti-branes. But these are
not much more restrictive than similar bounds previously considered and can potentially
be satisfied in explicit models if the landscape of string compactifications is rich enough.
The main focus of this note is to explore constraints on a more ambitious set-up, where
brane-flux annihilation of a large number of anti-D3-branes drives a potential of the axion
monodromy type, with potential applications to inflation.
4.1 General considerations
Perturbatively stable vacua require a modest amount of SUSY breaking anti-branes as
follows from the KPV bound (2.12) that insists on small p/M . 0.08 to prevent brane-flux
decay. It was speculated shortly after the KPV analysis that a larger amount of SUSY
breaking, with p/M ∼ O(1), might be useful for inflationary purposes [55]. Unfortunately
it is difficult to make this suggestion precise because it is on the edge of trustability of the
approximations made. Interestingly, as pointed out in [20] and [21], the opposite regime
p/M  1 can be under control of the probe approximation. The reason is that the length
scale associated to anti-D3 backreaction grows as the fourth root of gsp whereas the length
scale of the A-cycle grows as the square root of gsM . Hence there is a consistent limit in
which the anti-brane backreaction is small from the point of view of the S3 despite having
pM .
The flux cascades that arise in these set-ups can be effectively interpreted as a model
of axion monodromy. As the NS5-brane bounces back and forth on the S3 the flux quanta
K drop, the anti-branes are annihilated and the SUSY breaking energy lowers as a pertur-
bative potential superimposed with small wiggles. This is reminiscent of standard axion
monodromy models [22,58–62]. In fact the KPV cascade seems to correspond to a stringy
embedding of the flux unwinding scenario envisaged in [63].
Unfortunately, turning this brane-flux decay cascade into a viable inflationary scenario
with the right magnitude of the CMB power spectrum requires extremely large tadpole
numbers [20]. These could very well be impossible to achieve. We may nevertheless set aside
the construction of viable phenomenological scenarios. Brane-flux annihilation cascades
with reasonable tadpoles provide an interesting set-up to study conceptual questions, in
particular whether effective potentials can be constructed and controlled over large (trans-
Planckian) field ranges. As we will show next, the conifold modulus plays a crucial role: its
associated instability imposes severe constraints on the maximal amount of anti-branes that
a stable warped conifold admits, and hence on how far the ψ-potential can be extended.
Before entering the details of the computation we list several constraints that the sce-
nario is subject to. This should help the reader keep in mind how non-trivial it is to achieve
multiple monodromies in the first place:
• Couplings, curvature scales and inverse length scales of cycles should be small.
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• The length scale associated to anti-D3 (NS5) backreaction, (gsp)1/4ls should be small
compared to the linear size of the A-cycle (gsM)
1/2ls.
• As the ψ-modulus traverses the field range considered, other moduli should not get
destabilised. In particular, the volume modulus should not shift too much. In other
words; the moduli stabilisation scenario, which generically features light Ka¨hler mod-
uli, should not get upset. The particular form of this constraint will depend on the
mechanism of moduli stabilisation, but will typically require the SUSY breaking in-
gredients to be sufficiently warped down. This will be reflected in turn in an upper
bound on the values that can be probed by the conifold modulus |Z|. We should note
here that this constraint may be more difficult to satisfy in some set-ups (e.g. the
KKLT scenario) than in others (e.g. the Large Volume Scenario). Our analysis will be
general and independent of the particular mechanism of Ka¨hler moduli stabilisation.
• The throat volume should be smaller than the overall internal volume as a mini-
mal consistency condition. Again, this is a constraint that depends strongly on the
method of Ka¨hler moduli stabilisation, towards which our analysis is agnostic.
We will focus in the following on the requirement that the conifold modulus should remain
stable throughout the brane-flux cascade. This constraint has not been studied before. We
will find that it has a crucial effect in restricting the maximal amount of monodromies that
can be reached.
4.2 Anti-brane annihilation
There is another subtlety that we should clarify before analysing the monodromy potential.
Up to now, we have kept the three-form flux fixed, given by the (large) parameter K. This
was a sufficiently good approximation for our analysis of metastable vacua, in which no
brane-flux annihilation occurred, i.e. ψ < pi. In the following, we will be interested in
processes in which brane-flux annihilation takes place repeatedly. After each monodromy
ψ → ψ + pi, M units of anti-D3-branes are annihilated QD3 → QD3 +M . This is reflected
in the fact that all the dependence on p of previous formulae is in terms of the combination
p− Mψ
pi
+ (periodic modulations). Hence, in our conventions, p corresponds to the initial
number of anti-D3s before annihilation takes place. In a similar fashion, the total amount
of three-form flux undergoes a shift Ktot → Ktot − 1 after each monodromy, as dictated
by the tadpole condition KtotM + QD3 = 0. This means that Ktot depends on ψ as
Ktot = K + p/M − ψ/pi + (periodic modulations). With this convention, K corresponds
to the flux quantum present at the end of the cascade ψ = ψf = pip/M , when the p
units of D3-branes have disappeared. All previous expressions in this paper hold upon the
replacement K → Ktot(ψ).
Having clarified this, we can easily estimate the maximum number of monodromies
and the associated maximum field range ∆ψ covered by the process of anti-brane annihi-
lation. In the limit p
M
 1, the oscillatory behaviour in the vNS5 factor of the potential is
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subdominant. vNS5 hence becomes effectively linear in ψ, like in other axion monodromy
models [20] :
vNS5 ≈ |ψ˜|+ ψ˜ =
{
2ψ˜ for ψ˜ > 0
0 for ψ˜ < 0
(4.1)
where we have defined ψ˜ ≡ pip/M − ψ as ψ always appears in this combination (Mψ˜/pi
can be thought of as the total amount of anti-brane charge present for a given value of
ψ). The field ψ rolls down a potential with small modulations across a certain field range,
serving potentially as an inflaton candidate. We can see that the bound (3.4) resulting from
the conifold instability immediately constrains the maximum range in the SUSY-breaking
regime (c.f. Figure 3):
∆ψ = ∆ψ˜ < ∆ψ˜max =
9gsM
64c′c′′
≈ 0.07gsM . (4.2)
-10 10 20 30 40
0.2
0.4
0.6
0.8
1.0
1.2
1.4
32c′c′′
9gsM
vNS5
ψ˜
Figure 3: The bound (3.4) constrains the allowed field range of ψ˜. The maximum field range
is obtained where the yellow and blue line meet, here plotted for gsM = 500.
Two comments are in order:
• While the maximum allowed field range ∆ψ˜ is determined by vNS5 as in (4.2), the
dependence on ψ˜ of the total potential is more complicated. It should read:
Vtot = VKS + VNS5 =
M4p |Z|4/3
σ2
 1
2c′
∣∣∣∣∣ 12pi logZ + Ktot(ψ˜)gsM
∣∣∣∣∣
2
+
c′′
4pi2
1
gsM
vNS5(ψ˜)
 .
(4.3)
There is an explicit ψ˜-dependence in the VKS contribution through Ktot(ψ˜). Further-
more, there is an implicit dependence via the Z-modulus. Indeed, as seen from (3.3),
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the minimum of Z depends exponentially on the total 3-form fluxKtot, which shifts by
an amount ∆ψ˜ along the trajectory. Freezing the value of Z at some fixed value, say
at its minimum (3.3) with ψ˜ = 0, would put Z far off-shell after the anti-branes are
generated. It would correspond to freezing the warp factor throughout the cascade.
Not only is this not the trajectory followed dynamically, but the used Z-potential
may not be fully trusted far away from its minimum in any case.
Hence, we are dealing effectively with a complicated two modulus (ψ˜, Z) problem.
We can simplify it significantly if we assume that the Z-modulus will change with ψ˜
by tracing its consecutive minima, as dictated by eq. (3.3), taken as a function of ψ˜
(recall that we should replace K → Ktot(ψ˜) = K + ψ˜/pi = K + p/M − ψ/pi in that
equation). The corresponding total potential Vtot(ψ˜) is plotted in Figure 4.
-10 10 20 30
5.×10-8
1.×10-7
1.5×10-7
M−4Pl σ
2Vtot(ψ˜)
ψ˜
Figure 4: The shift K → Ktot changes the potential from the yellow to the blue curve. However,
the maximum field distance ∆ψ˜max is not affected by the change since it does not depend on K.
The potentials are plotted here for gsM = 500 and K = 600.
• The field ψ whose maximum range is bounded as in (4.2) is not canonically nor-
malised. The invariant field displacement ∆φ should be obtained by integrating
dφ ≈√gZZdZ2 + gψψdψ2 along the trajectory (here we neglect possible kinetic mix-
ings between Z and ψ). This is a rather complicated problem. In the following,
we make several conservative approximations to establish an upper bound on the
maximum field range.
As explained above, we are interested in a field trajectory where Z remains in its
minimum, constantly adjusting its value when ψ moves. The canonical field distance will
be bounded by
∆φ ≤ ∆Zφ+ ∆ψφ, (4.4)
with ∆Zφ ≡MPl
∣∣∣∣∣
∫ |Z|ψ˜f
|Z|ψ˜i
dZ
√
gZZ
∣∣∣∣∣ , ∆ψφ ≡MPl
∣∣∣∣∣
∫ ψ˜f
ψ˜i
dψ˜
√
gψψ
∣∣∣∣∣ . (4.5)
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The second contribution is restricted by (4.2). Then, we take ψ˜i = 0 and ψ˜f = ∆ψ˜max.
As a first step, we compute the second term in (4.4), i.e. ∆ψφ. The kinetic term for ψ
was computed in [45], which we briefly reproduce here. In what follows we rely strongly
on the formulas in [14,45,55].7
The induced metric on the NS5 at the tip of the throat (in 10d string frame) reads
ds2 = e2A(0)
[
−
(
1− b20 gsMα′e−2A(0)ψ˙2
)
dt2 + a2(t)dxidxi
]
+b20 gsMα
′(sin2 ψ)dΩ22 , (4.6)
allowing for a cosmological scale factor a(t). The 4d coordinates are kept dimensionful
whereas the S3 coordinates (like ψ) are dimensionless. The kinetic term computed in [45]
then becomes:8
S =
∫
dtd3x a(t)3
[
µ3M
pigs
b20 gsMα
′e2A(0)
(pip
M
− ψ
)
ψ˙2
]
≈M2Pl
∫
dtd3x a(t)3
[
0.01
M |Z|2/3
σ
(pip
M
− ψ
)
ψ˙2
]
. (4.7)
The integrand in the second term of (4.4) field can then be expressed as
√
gψψ = 0.1
M1/2|Z|1/3
σ1/2
√
ψ˜ . (4.8)
As explained, in these expressions we should think of the warp factor in terms of the
Z-modulus, which in turn should be considered a function of ψ.
The contribution ∆ψφ for our bound is given by
∆ψφ = MPl
∣∣∣∣∣
∫ ∆ψ˜max
0
dψ˜
√
gψψ
∣∣∣∣∣ , (4.9)
where the bound on the field range ∆ψ˜max was determined in (4.2). Rather than evaluating
the complicated integral explicitly, we will make a conservative approximation by freezing
|Z|ψ˜ at its maximal value in the integration domain. This happens when ψ˜ = 0, where
|Z|ψ˜=0 = exp(−2piK/gsM). This approximation allows an analytical solution to (4.9):
∆ψφ <0.1MPl
M1/2
σ1/2
|Z|
1
3
ψ˜=0
∫ ∆ψ˜max
0
dψ˜
√
ψ˜ ≈ 0.1MPl
√
M
σ
e−
2piK
3gsM (∆ψ˜max)
3/2
≈ 0.001MPl (gsM)
2
V1/3s
e−
2piK
3gsM , (4.10)
where we introduced V2/3s ≡ gsσ = V2/3w gs, the string frame volume in string units assumed
to be large in order to trust effective field theory.
7We have corrected a power of z in text below equation (5) in [45] which seems to be a typo.
8We expand here
√
1− αψ˙2 as 1 − 12αψ˙2 and neglect periodic modulation effects in the anti-brane
charge pipM − ψ + . . .. As mentioned, the latter is a good approximation in the regime of interest pM .
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We now calculate an upper bound for ∆Zφ. We notice from (2.6) with gZZ = ∂Z∂Z¯K
that
∆Zφ = MPl
∣∣∣∣∣
∫ |Z|ψ˜f
|Z|ψ˜i
dZ
√
gZZ
∣∣∣∣∣
= MPl
∣∣∣∣∣
∫ |Z|ψ˜f
|Z|ψ˜i
dZ
(
1
V1/3s
√
c′
8
gsM |Z|−2/3
)∣∣∣∣∣
= MPl
3
V1/3s
√
c′
8
gsM
(
|Z|1/3
ψ˜i
− |Z|1/3
ψ˜f
)
. (4.11)
Again, we notice that Z takes its maximum value at ψ˜i = 0 and we conclude that
∆Zφ < MPl
gsM
V1/3s
e−
2piK
3gsM . (4.12)
We see that this contribution has a factor gsM less than ∆ψφ.
Overall, we find a bound on the total canonical field distance of the form:
∆φ < MPl
gsM
V1/3s
e−
2piK
3gsM
(
1 + 10−3gsM
)
(4.13)
The maximum field displacement is suppressed both by the volume and the exponential
hierarchy Z1/3. Interestingly these are two parameters that control the approximations
made in the compactification procedure.9 One might be tempted to extend the possible
field range by compensating the exponential warping and the volume suppression by a large
polynomial dependence in (gsM), i.e. by imposing gsM + 0.001 (gsM)
2  V1/3s e2piK/3gsM .
We deem this possibility as highly unlikely: it requires fairly large tadpole numbers and
a regime of poorly controlled approximations, where neither Vs nor K/gsM can be made
significantly large (i.e. a regime of small volume and mild warping).
4.3 Brane creation from fluxes
We have argued that the (canonically normalised) field distance traversed in the process of
D3-brane annihilation is exponentially suppressed and cannot be made transplanckian in a
controlled regime. The reason being that the conifold modulus becomes destabilised upon
inclusion of a large enough number of D3-branes. This result is in line with the general spirit
of the Swampland program that postulates pathologies upon such large field displacements
(c.f. [39–44]). One must however be careful before drawing too strong conclusions in this
respect.
9According to [55] the string frame volume of the throat, Vth was argued to be V1/3th = α(gsMK)1/2 >
αMgs, where α is some numerical constant that can not really be computed but was guessed to be
upperbounded by the number
√
3pi3/2 in [55].
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Swampland constraints apply to the total field distance within a given effective field
theory. In our set-up, the three-form flux K can still be transferred into D3-charge even
after all anti-branes have disappeared. This process can still be described as mediated by
NS5-branes, and hence by the field ψ˜ in the regime ψ˜ < 0. The maximum field displacement
is determined by the maximum flux K available, which is itself constrained by the tadpole
condition
χ(Σ)
24
=KtotM − ptot − 1
4
NO3 =
(
K +
ψ˜
pi
)
M − Mψ˜
pi
− 1
4
NO3 (4.14)
where the explicit ψ˜ dependence reflects the change in flux and D3-charge mediated by ψ˜.
One may wonder whether large total field ranges can be found if there exist compactifi-
cation spaces that support large enough fluxes. This is quite unlikely in our opinion. One
should notice that as long as there is significant warping the canonically normalised field
displacement will be exponentially suppressed, as in (4.10). Warping is crucial in keeping
control of the effective field theory we have been working with. Indeed, warping is the
only reason why brane-flux annihilation mediated by NS5-branes winding around internal
cycles are not immediately highly energetic processes out of the regime of the EFT. Hence,
a large (non-exponentially-suppressed) field displacement requires leaving the regime of
control of the theory where ψ˜ is a light field. This is reflected in the potential Vtot(ψ˜),
eq. (4.3), in particular through the implicit Z(ψ˜) dependence.
It is also worth mentioning that field displacements along ψ seem to be related to the
appearance of light modes, a feature generically postulated by the Swampland Distance
Conjecture. In the regime of large positive ψ˜, i.e. when a large number of anti-branes are
present and the throat is highly warped, there appear light KK geometric modes. Unlike
in typical situations addressed by the distance conjecture, the mass of these states does
not seem to scale exponentially with the canonically normalised field distance [14]. As one
moves towards large negative ψ˜, i.e. as the throat become shorter, these states become
heavier and ultimately disappear from the low energy EFT. Other fields would at the
same time become light, e.g. D-branes wrapping the dual B-cycle, which gets shorter as ψ˜
shrinks (and thus ψ grows) (c.f. section 3).
Overall, there seem to be suggestive connections between these considerations and the
Swampland program (constraints on field ranges, appearance and disappearance of light
fields, etc.) but the interpretation is obscured due to the presence of warping and axion
monodromies. These issues are clearly worth further studies.
5 Discussion
In this note we have argued that axion monodromies related to brane-flux transitions down
warped throats come with exponentially suppressed field ranges as given by equation (4.13).
Such axion monodromies could potentially be interesting for embedding the “unwinding
flux” inflation scenario [63] into string theory as claimed in [20,21]. However, our findings
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point at a concrete challenge for such type of models, when a super-Planckian field range
is required to deliver a minimum amount of inflation (note this is the case for a linear
potential). The reason for the bounded field range (4.13) is the dynamics of the conifold
modulus, which was not taken into account in the analysis of [20, 21]. The dynamics of
the conifold modulus was recently used to bound meta-stable dS vacua from anti-brane
uplifts [16], although, as discussed, the concrete bounds on fluxes were already enforced
from other considerations such as brane-flux stability and having a throat tip that is
within the supergravity approximation. Nevertheless, the suggestion of [16] does impact
strongly certain models of axion monodromy, as we showed. Another interesting use of the
conifold modulus is in providing a consistent higher dimensional picture of supersymmetry
breaking [19].
Setting aside concrete applications, it is of theoretical importance to understand whether
axion monodromies can accommodate large field ranges in controlled regimes and hence
challenge Swampland conjectures. Our findings suggest that certain axion monodromy
set-ups obtained from unwinding fluxes cannot. It would be interesting to investigate
the relation of our results to other models of axion-monodromy inflation that involve flux
transitions and/or warped-down axions (e.g. [22–25,43,64,65]), and whether they are also
affected by the stability of the conifold modulus.
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A Mass ratio of the conifold and brane-flux moduli
In order to compute the masses of the scalars, we need their potential and their kinetic
terms. We work with two fields, Z and ψ. From the KPV analysis we find that the action
for the NS5-brane is
SNS5 =
∫
d4x
√
−g˜M
4
Pl
2pi
Me4A
piσ3
(
(vNS5 − U)
√
1− b20gsMα′e−2Aψ˙2 + U
)
, (A.1)
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where vNS5 and U were defined in (3.2). We now expand the square root for small velocities
ψ˙. In doing so, we find
SNS5 =
∫
d4x
√
−g˜
(
1
2
M2Plgψψψ˙
2 − VNS5
)
, gψψ =
1
(2pi)2
2gsM |Z| 23
piV1/3s
(
2
3
) 1
3
(vNS5 − U).
(A.2)
The kinetic term for the conifold modulus can be obtained from the Ka¨hler potential (2.6).
To leading order in Z and large volume, we find10
gZZ = ∂Z∂Z¯K =
c′
8
(gsM)
2
V2/3s
|Z|− 43 . (A.3)
The Hessian of the total potential Vtot is diagonal for Z and ψ due to the structure of the
potential. The kinetic terms for these fields are also diagonal. Therefore, their mass ratio
is given by
m2ψ
m2Z
=
g−1ψψ ∂
2
ψVtot
g−1ZZ ∂
2
ZVtot
∣∣∣∣∣
|Z|0, ψ0
, (A.4)
where it has to be evaluated at the minimum (|Z|0, ψ0) of the potential. We plotted this
mass ratio as a function of p/M in Figure 5. The ratio appears to be independent of the
flux number K. It is of order O(10)−O(100) an is qualitatively independent of gsM .
0.02 0.04 0.06 0.08
100
200
300
400
m2ψ/m
2
Z
p/M
Figure 5: The mass ratio m2ψ/m
2
Z , plotted here for gsM = 10 (blue) and gsM = 100 (yellow),
decreases for growing p/M , until the KPV vacuum is lost at p/M ≈ 0.08. The mass ratio is thus
of O(10)−O(100), ψ being the heavier modulus. This does not change qualitatively for different
values of gsM .
10We ignore the off-diagonal component gZρ as it is subleading in small-Z and large volume.
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